Lidia cattle are a heterogeneous Iberian cattle population known for its natural aggressiveness and resistance to traditional handling procedures making in vivo blood sampling and biological fluid collections extremely difficult. Blood variables are influenced by physical exertion and stressful situations; consequently, post-mortem blood analysis does not reflect basal concentrations for this species. Nevertheless, ocular fluids (aqueous and vitreous humour) maintain their stable composition after death and maybe could be used to estimate ante-mortem blood concentrations. So, 15 bulls which had fought (for 15-20 minutes) and, subsequently after death, blood, aqueous and vitreous humour were sampled. Total protein, albumin, triglycerides, uric acid, urea, AST, ALT, GGT, AP, CK, LDH, cholesterol, creatinine, glucose and lactate were measured. Statistical analysis and correlation coefficients between the three fluids were carried out. All variables showed high plasma concentrations of glucose, uric acid, LDH and CK, compared with normal bovine concentrations. Apart from urea, all plasma concentrations were greater than those found in ocular fluids. The measured enzymes activities were higher in the vitreous than in the aqueous humour, but only marked differences in uric acid, lactate, AP and AST were found. There was a significant correlation between creatinine in the plasma and aqueous humour, and between albumin and GGT in the plasma and vitreous humour. Glucose, creatinine and urea exhibit a high correlation between ocular fluids. All plasma concentrations were clearly modified, however ocular fluids do not seem affected, thus establishing important correlations between the blood and intraocular fluids.
INTRODUCTION
The evaluation of certain biochemical variables ante-mortem is helpful in diagnosing many diseases or at least studying the metabolic state of animals [1] . It is sometimes impossible to obtain blood samples from live animals, either due to the management system or simply the animal may have died. This happens with wild animals, difficulty with handling domestic animals or when the owners prevent access to the animals [1] .
After death a variety of physical and biochemical changes occur in the biological body fluids. Thus, blood, urine and cerebrospinal fluids are not always suitable for evaluating post-mortem biochemical analytes [2, 3] due to contamination by bacteria, release of intracellular compounds and post-mortem metabolism of certain serum substances [3] . Instead, ocular fluids [aqueous humour (AH) and vitreous humour (VH)] seem to deteriorate more slowly after death and are an easily accessible source to sample [2] . The analysis of ocular fluids may be helpful in estimating ante-mortem blood values [1, 4, 5] due to the fact that the eyeball behaves like a watertight compartment, maintaining both the aqueous and the vitreous humour isolated from the rest of the body and so the post-mortem composition of these fluids can remain more stable [2, 6, 7] .
The aqueous humour is a clear and watery fluid produced by the ciliary body, located in the anterior and posterior chambers of the eye. A semi-transparent and semi-viscous liquid forms the vitreous humour or vitreous body, which is located between the lens and the retina [7, 8] . They have been described as solutions composed of all the plasma (PL) components in equal or lower concentrations, with some substances that are secreted actively [7] . Both fluids, and especially the vitreous humour, have been widely used for post-mortem biochemical analysis because they are easier to collect than the cerebrospinal fluid and because their composition changes more slowly after death than it does in the blood [9, 10] .
In human medicine, especially in forensic medicine, ocular fluids are used to estimate the approximate time of death [7, 10, 11] , ante-mortem blood biochemical values [10] [11] [12] , levels of some toxins [7] , drugs detection [9] , as well as in sudden infant death studies [1, 10] .
In veterinary medicine there are several publications attempting to correlate postmortem fluid levels of some parameters with blood levels before the death of animals [1] , although most research has been conducted under slaughterhouse conditions or on healthy animals [1] . Analysis of ocular fluids has been used for postmortem biochemical determinations, in order to diagnose pre-existing diseases that could have caused the death [9] [10] [11] , to know the relationships between eye fluids with blood values [1, 11, 14] , to understand the changes that occur from the interval death to the sample collection [2, 6, 7] and also to estimate the time interval between death and the discovery of the corpse [11] . Limited research has been done in hypocalcemic, uraemic or hypomagnesemic animals [1, 7, 8, 13] . Thus, aqueous humour samples collected during necropsy provide adequate data for the extrapolation of the antemortem 3-OH butyrate serum values in ewes dead due to pregnancy toxemia [14] and the magnesium concentration in the vitreous humour has been used to confirm the diagnosis of hypomagnesemic tetany, both in sheep and cows found dead [8, [18] [19] [20] .
The Lidia cattle breed (Bos taurus brachiceros) is an Iberian heterogeneous cattle population described in the Decree 60/2001 [21] . It is mainly an open-range breed reared on extensive estates in central and southern Spain, France, Portugal and Latin American countries. This breed is characterized by their natural aggressiveness and resistance to traditional handling procedures, which does not allow for easy sampling [22] .
Blood sampling prior to the fight, even under natural farm conditions, is difficult to obtain. There are several reasons for this, one being the aggressive behavior of the animal, which increases the risk of injury for both humans and animals, and mainly to keep bulls with minimum human interaction so as to prevent abnormal behaviors during the fight. For these reasons it is practically possible only to carry out sampling on bulls once they have been killed [22] .
The aim of this paper was to establish reference values for some biochemical variables in both blood and intraocular fluids (aqueous and vitreous humour) in the Lidia breed, specifically in stressed animals and after major physical exertion. We also tried to verify the possible correlations among these biochemical variables and also between the values found in the blood and ocular fluids. These data could be used to estimate baseline ante-mortem blood values in bulls, which are almost impossible to sample in bulls in vivo. Also the results may provide information about the relationship between the variables studied and the plasma concentration before death, and this information could be used in other cattle breeds, as well as in other species which are difficult to sample, such as wild animals.
MATERIAL AND METHODS

Animals and legal regulations
A total of 15 four to five-years-old Lidia bulls from different breeding farms were used in this study and they all fought in the Valladolid Arena. The animals were slaughtered under the regulation of the local legislation law (Decree 57/2008) [23] . All experimental procedures were performed in compliance with the provisions of the EU Directive of the European Parliament (Directive 2010/63/EU) that regulates the use of animals for scientific purposes [24] and the Royal Decree (Real Decreto 53/2013) that regulates experimentation and animal protection in Spain [25] .
Informed consent
Informed consent has been obtained for client-owned animals included in this study.
Sampling and analytical procedures
As a result of the fight, all animals underwent significant physical exertion and stress situations for at least 15-20 minutes. Immediately after the end of fighting, blood, aqueous and vitreous humour samples were obtained. Blood was obtained directly from the bleeding, while both the aqueous and vitreous humour were collected directly from the eye with 5 ml syringes. The aqueous humour was collected from the anterior chamber by gentle aspiration following corneal penetration with a 21-gauge needle. The vitreous humour was collected from the central portion of the vitreous body following insertion of a 18-gauge needle through the sclera by aspiration [18] . Immediately after collection, the blood samples were centrifuged at 4000 rpm (2200 x g) for 10 minutes (following the methodology described by Escalera et al. [22] , while fluid eyes samples were centrifuged at approximately 1000 x g for 10 min (Centrifuge Cencom II, JP Selecta, Barcelona, Spain) within 30 min after collection following the methodology described by Hanna et al. [1] .
The supernatant free of impurities was placed in Eppendorf tubes and stored firstly refrigerated at 4 °C and then frozen at -20 ºC, for transportation in a cooler. The samples were stored, until analyzed at the Laboratory Instrumental Techniques (LTI) at the University of León to determine biochemical variables using a Cobas Integra 400 multi-analyte analyzer (Roche, Mannheim, Germany), by means of Roche Diagnostic reagents (Roche Diagnostics GmbH, Germany). The measured biochemical variables were: total proteins, albumin, triglycerides, uric acid, urea, cholesterol, creatinine, glucose, lactate, aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT), alkaline phosphatase (AP), creatine kinase (CK), and lactate dehydrogenase (LDH).
Statistical study
Concentrations of each parameter both in blood plasma and ocular fluids were measured. The data were analyzed using the SPSS 15.0 statistical program. Descriptive statistics was carried out, indicating the mean value, the standard deviation (SD) and the minimum and maximum ranges. A statistical study was carried out by nonparametric tests, specifically by means of a Kruskal-Wallis test and when differences were found, the U-Mann Whitney test was performed to detect the differences between the groups of samples. The statistical differences are shown as different letters between the values of the fluids for each parameter. Correlation coefficients and principal components analysis method were used to measure the relationship between ocular fluids and between these and the plasma values. The p < 0.05 value was chosen for statistical significance.
RESULTS
The results obtained in the present study are shown in Tables 1 and 2 . It was not possible to evaluate triglycerides and cholesterol in both ocular fluids, and ALT, GGT and CK in the aqueous humour. Mean plasma values of all analyzed variables were higher than those found in ocular fluids (AH and VH). In some variables such as total protein, albumin, glucose, uric acid and some enzymes (AP, AST and LDH) they were remarkably higher. Thus plasma values of total proteins were up to 95 and 180 times higher than the values found in ocular fluids, and 160 and 85 times higher LDH enzyme activity, and 100 and 20 times higher AP activity and 60 and 75 times higher albumin concentration (considering always the first value for AH and the second for the VH). For CK enzyme, plasma value was 160 times the value found in the vitreous humour. Plasma concentrations of uric acid and AST were between 5 and 72, and 55 and 3 times higher than those found in AH and VH, respectively. Glucosemia value and GGT plasma values were approximately 10 times higher than in the ocular fluids (we should bear in mind that GGT was only measured in AH). The creatinine and lactate plasma concentrations were between 2 and 5 times higher than in ocular fluids, and only urea values were comparable among the three fluids measured. In some studied variables (uric acid, lactate, AP and AST) we found marked differences in ocular humours concentrations. Uric acid and lactate values were higher in AH while all the enzymes values were higher in the VH than in AH. Most variables followed a normal distribution but LDH enzyme values showed a great dispersion. In general values found in the aqueous humour were more grouped than those found in the vitreous humour and in plasma, particularly in total protein, albumin, AP and LDH.
The significant correlations found in this study are shown in Table 3 and Figure  1 . The biological variables that showed a higher correlation between booth ocular fluids are glucose (r = 0.74), creatinine (r = 0.64) and urea (r = 0.75), albumin and GGT between plasma and vitreous humour (r = 0.56 and r = 0.59, respectively) and creatinine between plasma and aqueous humour (r = 0.72) beeing the only variable with a correlation between plasma and AH. Proteins, enzymes (apart from GGT) and bilirubin showed a weak trend of correlation between plasma and ocular fluids, and also between both eye fluids and no correlations were found in any of the other variables studied. 
DISCUSSION
Considering the important diagnostic value of eye fluids [4, 6] , one of the aims of this study was to evaluate the possibility of using the eye fluid concentrations values as estimators of ante-mortem plasma values of some biochemical variables in bulls, prior to death. It is important to note that, before the present research, only normal or moderately modified values, either elevated or decreased, had been investigated [10] but never with important modifications or after situations of great exercise and stress.
In addition, we have only found a few reference values to compare the levels found in bovine blood after these situations, and even less in ocular fluids. We decided to carry on this research in both ocular fluids as, according to Hanna et al. [1] , the AH is very useful for performing these analyses, because it is at least as accurate as VH, easier to collect and analyze and does not always need to be centrifuged [7] . However, the VH allows to obtain a higher sample volume than AH, although it should be centrifuged, since it carries natural viscous impurities.
All studied plasma variables concentrations were greater than those referred for cattle [26] [27] [28] and are comparable to those published in similar situations in the Lidia breed [26, [29] [30] [31] [32] . It could be explained by the special characteristics of the Lidia cattle breed. It must be considered to be a particular bovine breed, intended for combat and that has been sampled after extreme circumstances. The fighting not only represents a period of maximum exertion against the matador, but also includes stressful situations that accompany the animal from the field to the bullring. These include transport, penning and exposure to people, since this breed is reared under extensive conditions with little human contact [22] . The increased values could also be due to muscle cells destruction together with fluid loss, and consequent hemoconcentration [22] as well as a metabolic acidosis situation [22, 29, 30] .
The blood glucose values found in our research were 8 to 10 times higher than reported cattle basal values [26] [27] [28] . The extraordinarily high glycaemia is an attempt to compensate the increase in energy demand due to the fight. The major muscle exercise, which lasts no more than 15-20 minutes, was obviously not enough to consume all the mobilized glucose that remains in the blood.
Glucose originated in gluconeogenesis process has not been metabolized, either aerobically or anaerobically, as it is used in situations of great physical effort. There could even be problems in their consumption by the muscle fibre, that is not able to use glucose adequately [31] . On the other hand, the values that we found in ocular fluids were not as high, and were even slightly lower than those cited by Hanna et al. [1] Considering all the above mentioned factors and according to the high correlations between blood glucose concentrations and ocular fluids reported by Hanna et al. [1] , the possibility of using the glucose concentration in AH and VH as an indicator of plasmatic values in animals difficult to sample ante-mortem could be validated.
Both total protein and albumin values were much lower in the ocular fluids than in the plasma (Table 1) . This is in accordance with the literature reviewed, with AH values of 0.5% of plasmatic proteins [5] and between 1 and 2 % in VH [33] , and furthermore, these proportions remained constant with age [33, 34] . It is important to note that only a small percentage of large molecules (cholesterol, bilirubin, proteins, etc.) are present in eye fluids due to the difficulty they encounter in order to pass through the blood-ocular fluid barrier [1, 7] . This could explain why the concentration of the majority of the studied variables were not elevated in ocular fluids, even when the plasma values raised considerably, and perhaps because there was not enough time for the exchange, especially for those molecules of higher molecular size, such as proteins and albumin [4] .
A similar explanation allows us to understand why despite the marked elevation of plasma concentrations of the analyzed enzymes, they were not reflected in the values of eye fluids, particularly those related to muscle disorders and tissue damage (CK, AST and LDH), due to the important exercise performed by the bull. According to Lane and Lincoln [4] , permeability not only depends on the molecular size but also on lipid solubility. In the case of cholesterol, even with high amounts in the plasma, it could not be determined in ocular fluids, perhaps because the amounts were negligible, around 1 μg/ml, at 30 minutes post-mortem in cows in a slaughterhouse [35] .
The average uremia value found was comparable to that mentioned as baseline in Lidia cattle [26, 36] , and similar to values found in both ocular fluids (Table 1) . However, the urea value found in the vitreous humour in our study is more than twice the value reported by Lane and Lincoln [4] .
Also, plasma creatinine levels are twice those previously reported [4, 15, 26] , whereas in ocular fluids (Table 2 ) are slightly higher than those published [4, 15] . We disagree with Lane and Lincoln [4] , who reported vitreous values significantly lower than blood values for BUN and creatinine (15.7 and 0.7 mg/dl in VH and 20.0 and 1.5 mg/dl in the blood, respectively). The urea values determined in ocular fluids could be used to determine the ante-mortem blood concentration, because as Hanna et al. [1] and Wittwer et al. [7] indicated, a long time is required to balance the changes concentrations of urea through the blood-eye barrier and, after death, changes in the vitreous occurs more slowly than in the blood [9] .
The average blood lactate value is similar to that reported in similar situations Escalera et al. [22] , but lower than those presented by Aceña et al. [29] and Picard et al. [32] . The levels in eye fluids are even higher than blood concentrations in anesthetized animals [36] , which could reflect the ability of lactate to cross the blood-eye barrier.
While we might think that there is an important correlation between plasma levels and those found in ocular fluids, different papers reported that, under physiological conditions, this does not occur. Most variables showed a poor correlation between ocular fluids and blood concentrations [2] . According to Hanna et al. [1] , the correlation of proteins, enzymes, bilirubin and cholesterol is very weak, both between serum and eye fluids, as well as between both ocular fluids. In our research, we only found a correlation between plasma and VH values of albumin and GGT, as well as between plasma levels of creatinine and AH (Table 3) .
However, correlations have been reported in certain parameters such as urea [2, 4, 5, 7] , glucose [1, 4] and magnesium [13, 18, 20] . Therefore, these concentrations in ocular fluids could be extrapolated to ante-mortem blood levels, with an important diagnostic value [4, 6] , since the vitreous behaves like a stable compartment after death, and values while being low vary in a consistent and predictable way [4] .
This correlation could be significantly influenced by the size of the molecule due to the difficulty to cross the blood-eye barrier. Therefore, only a small percentage of large molecules could be present in the ocular fluids [1, 7] .
The significant correlation found, in the creatinine, between plasma values and in aqueous humour (Table 3 ) agrees with those reported by different authors [1, 4, 5] , shown both at the time of death [5] and in the following 24 hours [1, 5] . On the contrary, we were not able to find the high correlation cited by some researchers between urea concentrations [1, 4, 5] . It is possible that the predictive utility of antemortem blood values from post-mortem vitreous values decreases in cattle with renal failure or with high concentrations of blood urea nitrogen (BUN) [4] , which may be similar to the situation observed in our study, with high values of plasmatic creatinine and urea.
On the other hand, in our opinion the fact that we have not found correlations could be due to unusually high blood levels measured in certain variables, such as glycaemia that cannot be "balanced" with eye fluids, since changes in the vitreous humour occurs much more slowly after death than in the blood [9] .
This work should be considered a preliminary study of the use of ocular fluids to establish basal levels in bulls before the fight, as well as in wild animals, without having to manipulate or stress them, avoiding the risk for both people and animals due to the difficulties in sampling [26] .
CONCLUSIONS
All plasma variables measured showed greater concentrations, especially glucose, uric acid, LDH and CK, compared with baseline bovine values. The greater concentrations detected in the Lidia breed can be justified by the important physical overexertion, stress situation, muscle cells destruction and fluid loss experienced by those animals as a consequence of intense fighting. However, the values found in ocular fluids do not seem to have been affected. Perhaps, because there was not enough time to balance concentrations and cross the blood-ocular fluids barriers, but there is also a possibility for some variables to be considered as "baseline" values.
